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FOREWORD

This repor: was prepared by the Engine Components Branch, i:iquid
Rocket Division, Alr Force Rocket Propulsion Laboratory. The iavestiga-
tion was conducted under Project 305810RH, 'Valve Leaksage Correlation
Program,* from July 1971 to Msarch 1973, with SSgt G.J. Gunderscn as
Project/Test Engineer. This test program was requestad by the Space
and Missile Systems Organizatien (SAMSO) and the Aerospace Corporation.
The work described hezein completes the current program, the objectives
which were threefold:

(13 To demonstrate simple, reliable measurgment techniques for
vzlve seat lezkage {liguid hydrazine ard gaseous nitrogen)

{2) To investigate pressure, temperaiare and cycling effects on
valve seat leakage, anZd

MARTLN, Capt. USAF
hief, Engine Components Branch
Rocket Division
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ABSTRACT

report docu.aents an in- house test program wkhich was conducted
E-r:n-ce Rocket ‘r’)rop iisior. Laboratory {AFRPL) to expand under-
f the gas and liguid leaxaot f‘ow ph(,n{)..-x,ua associated with mono-

znt ‘)_ draczine attitude control system {ATS) valves, Owver 800 gas
tnitrugen} and liouid (hyd §~-a/me3 le'k:ge tests were conducted on two {each)
PARKER-HANNIFIN hard seat, PARKER-HANNIFIN teflon seat, and
D RAULIC RESEA h AND \’A‘\'L‘FAC?URF!G hard seat \'alves. Analy-

the leakage west Cita for these particular valves indicales the

function of valve inlet pressure,
ction of inlet pressare.

tendencies fo decrease witt

n with sach
rith extended
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SECTION 1

INTRODUCTION

At the request of the Air Force Space and Missile Systems
Ovganization (SAMSO) this program was conducted to expand the under-
standing of the gas and liquid leakage flow phenomena associated with

monopropellant hydrazine valves.

‘I'ne prediction and measurement of valve seat leakage in liquid rocket
attitude control systems (ACS) is a serious problem and an area of general
uncertainty. The complexity of these leakayge phenomena increases con-
siderably when realistic valve hardware is being investigated with actual
propellants., The difficultiey involved In measuring minute amounts of
liquid leakage, cven at the component level, have resulted in a lack of
experimental liquid leakage data on current ACS valve hardware. Without
the necessary experimental data needed to effectively characterize gns and
liquid leakage through actual valves with actual propellants, standard gas
leakage measurement procedures (e.g., with nitrogen gas) are commonly
used as the tools for establishing current leakage specifications for ACS
valves at the component, subsystem, and system levels., These specifica~
tions, thus established, are now suspected to be overly conservative with
reypect to the actual liquid propellant leakagee that they are thoughi to
represent, High valve rejection rates (possibly due to an overly conserva-
tive gas spuc) or ihe necessitly for replacing or flushing valves already

mated to thrusters can considerably increase mission costs,

For this investigation, off-the-shelf valve hardware wag to be pro-
cured and tested to note pressure, temperature, time, and cycling effects
on seat leakage. The valves of interest were applicable to monopropellant
catalytic hydrazine ACS thrusters of the five-pound thrust family. The
peneration of enough liquid and gas leakage correlation data to ultimately
provide the basis for e¢stablishing more realistic gas leakage criteria for

acceptance test purposes was the primary goal of the program.,

1



Severzl other organizations have made attempts to correlate gas and

liquid leak rates (References 1 through 4) and have generated data to that

end. Unfortunately, for one reason or another "M generally satisfactory
correlation has been found which is accepted by the propulsion community"

{Reference 5). *

An in-depth discussion of the gas and liquid © 2w phenomena, with a
detailed explanation of the leakage data presented in this report is beyond
the scope of this investigation. Consequently, the reader will note that
sophisticated analyses of every leakage test in ail test series have been
carefully omitted. In those cases where explanatory remarks have been
made, pertaining to leakage theory and the data observed, they reflect
solely the judgment of the author. Since a limited number of tests were
made on a small number of valves, applic.tion of the results to other

nhardware of ti.e same or similar design should be done with caution.

In summary. 1t is hoped that this program has further illustrated the
complexity of the valve leakage problem in liquid rocket systems. Some .
light has been shed on the various approaches which may be used to
measure small amounts of valve lcakage. For the valves studied, certain .
temperature, pressure, cycling and time effects have been voted., Itis

unfortunate that the correlation of liquid to gas leakage, whicn has been

so earnestly sought after, still did not come forth.
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SECTION UI

APPROACH
The pregram was divided into five tasks. Tuask [ entailed selection
of the particular valves of most interest io SAMSO/AEROSPACE., The
selection of che Parker and Hydraulic Research designs was made in light
o: their availability and the time/funding constraints imposed upon the
program. The Task I effort consisted of the selection and qualification
of the rechniques to be used for measuring gas and liquid leakage. Partic-

uiazr atieniion wes devoted to the study of earlier efforis in this area

=
I

ferences 2 and 3) and the techniques which had been used in those inves-
tigations., Having decided upon the methodology to Le used {or measuring
the gas and liquid leaks, Task JII of the program entailed incorporation of
the selected techniques into a hydrazine flow system. Design, buildup,

aud checkout of the system with an adjustable micrometer needle valve to
siralate tiny leaks was accomplished. [a Task IV the accual gas and
liquid leakage testing was done. Selected valves from those procured in
Task I werse iastalled individually in the test system and observed to note
pressure, tempercture, cycling and time effects on leakage. The data
may be found in Tables [ through VIII in Sectior VI of this report along with
2 discussion of those results. Program documeniation wzs accomplished

in Task V of the program.
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SECTION II1

TEST VALVE DESCRIPTIONS

PARKER HANNIFIN VALVES

Two varieties (hard seat and teflon seat) of Parker Hannifin solenoid
valves were of particular interest to SAMSO due to their current applica-
“tion on an operational USAF system. These particular valves are used to
control the flow of hydrazine to a Rocket Research Corporation catalytic

engine in the five pound thrust range.

Depicted schematically in Figure 1 (shown with the teflon seat swaged
in) the valve is normally closed until the coil is energized, Upon release
of power, the stainless steel poppet (17-4 PH) is forced against the scat
(either flat lapped 304-L or teflon) and held there by the coil spring and
also the upstream pressure force. General operating characteristics of

the Parker valve are listed in Table IX,

For this investigation, a total of six Parker valves, each of varying
gas leakage characteristics, were procured. Three were of the hard scat
varicety and three were of the teflon seated variety. Within each group of
three, one valve (for control purposes) was manufaclured entirely to the
Rocket Regearch production specification, while the remaining two differed
only in their "built in' seat leakage. The valves were made to leak by
physically abrading the poppet sealing faces to varying degrees of surface
roughness. DBaseline leakage characteristics of the valves can be found in

the tabulated data in Section VI of this report.

HYDRAULIC RESEARCH VALVES

The Hydraulic Resenrch and Manufacturing Company valve was also
selected by SAMSO to be tested, considering its successful use on the

Intelsat satellite series. Depicted schematiczlly in Figure 2, these valves



use permanent magnet torque motors to drive their flat, lapped tietal
voppets, Each valve unit consists of two tungsten carbide seat/poppet

sets in s2rics to provide sealing redundancy in the normally closed oif
position. The general cperating characteristics of the Hydraulic Research
Valves are listed in Table X, They are used to control hydrazine flow to a
Hamilton Standard catalytic engine, in the five nound thrust range, for

satellite attitude control.

F'or this investigation.-*hree Hydraulic Research valves of varving gas
leakage characteristics were procured. As in the case of the Parker valves
discussed earlier, one valve was built completely to the engine specifica-
tion, while the remaining two differed only in internal seat leakage. Again,

degradation of the poppet sealing surfzce finish was used to induce te. kage.

Baseline leakage characteristics of these valves may alsc be found in the

ks

tabulated data in Section VI of this report.
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SECTION IV

TEST SYSTEM DESCRIPTIONS

GAS LEAXAGE SYSTEM

Messurernent -f nitrogen gas leakage through the valves was

accomplished with a Nurdquist Mark It Leak Meter manufaciured by

Madlab, Inc. This instrument utilizes interchangeable glass pipeotte

flow tubes which range from one-ten’h of a cubic centimeter to ten cubic

centimneters full scale. The volumetric leak rate of the valve under test

is mezsured by noting with a stop watch the time necessary for a élug

of colered isopropyl alzchol to traverse a known increment of volume.
2Irop

In addition to being sturdy and relatively incxpen‘sive, the Mark I

Leak Meter readily provides for horizontal positicning of the fiow tubes

and rapid removal of the tubes to azcommaodate range changes. Addition-

aily, a vent immediately upstr2am of the flow tube provides a secondary

e3cape path for the leaking {luid to prevent "blowing* the isopropyl .

aicohal slug out the znd of the tube, Repositioning cof the isopropyl alcohol

slug to the zerc location by physically tilting the entire apparatus allows gas

leakage measuremesnts to be repeated with 2 minimum amount of effore.

T For ccnsistency of test purposes, 2}l nit

, .-u

gen £as leakage measure-
ments were made at five minute intervals alter 2 thirty minute “'stabiliza-
ticn' period wher pressure and temperature conditions of the valve were
changed. Figure 3 is 2 schematic representation of the system used to
Measare nitrogen gas leakage., Repeatadility of stgn watck readings was
usuaily witlin %! percent and a £Z percent overail leak rate error is

prowably a realistic figure.




TnIW wh Ui

w
i

-

o

R T

b

LIQUID LEAKAGE SYSTEM

Demonstration of a technique{s) t> easily measure liquid hydrazine

[y

cakage through the test vzlves was cne of the primary objectives of this
program. Any technique/device seleci~d needed to be capable of measur-
ing liquid hydrazine flow down to aboui 0. 21 cc per hour, compatible with
the hydrazine propellant, and, of course, reliable anc leak free to at

least 300 psig.

Earlier experimenters had used known-volume glass capiliary =i1ght
tubes upstream of the lesking est valve (References 2 and 3). Positicning
a kvdrazine meniscus in that lass capillary tube and measuring its posi-
tion change with time under own temperature and pressure conditiors
allowed direct czlculation ¢ 1e volumetric liquid flow rate over the time
increment. Initial attempt + utilize this t2chnique in this investigation
resulted in the emergence : oumerous difficulties. Securing a leak-free
seal between the glass tul.es themselves and the fittings used to incorporate
those tubes into the rest of the flow system was the initial problem encoun-
iered. The zragﬂw_ nature of the tubes themselves ma’e breakage a con-
tinuous problem. Utilization of heat shrinkable polvethylene tubing around
the glass tubes and a nyl<a sleeve around the poly.thylene material to
provide the seal material intc which the swageist ferrule "Dites” was a
successful approach to solve the external leakage problem.

Troublesome bubbles and vi.al appeared to be vapor locks in the capil-
lary tubes were alsc sourro; of concern. Additicenally, thermal expansion
and centraction effects on the cohumnns of hydrazine visible within the tubes

due to temperature changes sometimes overzhadowed *he meniscus position
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The selected microflowmeter (Figure 4) is essentially 2 tiny rotameter

calibrated for both air flow {1 to 900 scc per hourj and water fiow {0.012

to 7.2 cc per hour) but .~ this investigation was used cnly to measure

[

iquid hydrazine leakage, Viscosify and densily cosJections aliow tho
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c-nfher fluids. Standard gas equa-
tions may be used to correct for non-standard pressure and f{c aperature
conditions. Construction veing entirely of glass and teflon, with a syn-
the‘ic ruby float, the flowmeter ic compsztible with a wice variety of
corrosive fluids. The fiowmeter {and the plastic safety shield) was easily
adapted to the npressurized flow system with the fitting arrangement
depicted in Figure 5 and wes leak tight to 400 psig. A schematic of the
total system used tv measure liguid hydrazine leakage Jduring this

investigaticr depicted in Figure o.

esidwes being leak free, totally compatible with hydrazine, and indi-
v

librated, this type of rotameter has yet another significant

advaniage over the sight glass-meniscas technique. Leak rate data may

ke pitherad at individuel peints in time, not as an alerage volumetric

o eaw

fiow rate over some arbitrary time penof* The ability to observe the

this devicz mude it ideal for this appiicatian. Vendos literature highlight
the necessity to follow stringent cleanliness precautions when using the

rotameter so as not {o impede the \novement of the-lnat with residual

tream of the flowmeter elimi-
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SECTION ¥

TEST RESULTS

PRESSURE EFFECTS ON LEAKAGE ~—
Wkhen the leak rates of the respective valves were measured, whetker

with g=s or liquid, that amount measured represeated a summation of the

TR

I

= fluid flow through each of the individual leaking "paths” prresent across the

;i - valve sealing area. The.number and geometric counfiguration {length, shape,

%’; effective diameter, etc.} of these individual leak paths were unknown. Con-

% sequently, the particular mode of flow oc~urring within each path was also

% unknown, &as flow may be either molecular, laminar, or turbulent, while

ié liquid flow through cach path could alsc be laminar eor terbulent. It is

§ e highly probable that within 2 leaking vaive under ig-estigation, one would

% find numerous flow modes occurring in each of the :;ighbaring leak paths

:§ and possibly even within a2 single leak path itself. Consequently, the mea-

;%-i svrea lecakage may be considered to be a “consolidation” of each of the )

% - distinct fiow mcedes as well as their respective transition regimes. These

§ facts alone make it a task of enormous complexity ro predict the eifect of

f’i; . valve iniet pressure on fotal valve seat leakage, when that fluid flow is a

§ different function of A%in eack flow mode. -

- . ‘ i :
— From Reference 1, if ?1 ang ?2 are downstrexm and upstream

pressures respectively, e

For Gases in the Molecular Regime., Flow is proportionzl

to {P,-P

(TN

For Gases in the Laminar Regime, Flow i1s proportional

te (P%-P. %

ek




For liguids in the Laminar Regime, ¥low is proportional

For Liquids in the Turbuient Regime, Fiow is preportional
to (P2 - Py)l/2

In this investigation it is unlikely that rnolecular flow of gases or
turbulent liquid leakage occurred through aay of the valves, but there is
no way of being certain of that fact.

Nitrogen and h}’d:‘;;’.ine leakage measurements were made at three
distinct pressure levels characteristic of the “blow-down™ presénre raage
prevalent in the mission situation. Inlet pressures of 250, 180, and
E 85 psig were arbitrarily selected. For gas measurement,, the valves
were leaking to atmosphere {(NORDQUIST leak meter or downstream side)
while liguid leakage was to a downstream pressure of approximately
2 mm Hg.

The data as presented in Tables I through VIil for nitrogen and
hydrazine leakage suggest two things relative to pressure dependency. - .
Gas lezkage appears to be a relatively strong function of inlet pressure,

while liguid leakage appears tc be a relatively weak function of inlet pres-

b

sure. In some cases; liguid leazkage actually con®nued to decrease with .
time as the inlet pressure was increased. To illustrate the Pressure - :

o

Time - Leakage relationship, Figures 7V, 8 and 9 were prepared for botn

nitrogen and hydrazine leakage of each of the three selected valve designs. ]
= In each case, the maximum and minimum :cakage rates measured at the

B - - -

respective APs have been plctled for visualization. All measuremants

were made without veive actuation. Of particular interest is the inability

to make repeat liquic lezkage measurements at the given pressure levels

for verification purposes, due tc 3 time Jdependency. The gas ieakage -
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It might be noted that the rate of increase in gas leakage for the Tefion
seated valves from 180 tc 225 psid was lower than that increase between
85 and 180 psid. This was not the case with the hard seated valves,
where tl.= slope cf the linc between 180 and 250 psid.wz greazer than
between the lower pressures. A possible explana

the higher pressure leadings with the Teflon sea

diameters were significanily decreased 2nd spx

nated entirely. The liquid hydraz:ne leakage being more depe i«dent on

time than on pressure drop made correlation studies difficui:, and will be

iiscussed in the liquid/gas correlation section of this report.

TEMPERATURE EFFECTS ON LEAKAGE

The overall effects of increased valve temperatu~e (to simulate ther-

al soakback) on seat leakage are presented in Figures 10 and 11, The

*

ata indicates a significant decrease in nitrogen leakage at each inlet
o

e level when the valves’ femperature was raised to 130 and 250°F.,
This pi‘ enomenon cccurred with both the hard and teflon seateé valves
which were studied. s 1 through 63 in Table I and Tests 1 through 73
in Table II illustrate i iy, Attemptis to cause a hard

a2t valve to leak by : : ie erature were unsuccessiul

by dmed vy awdoles

P




Gases are known to become r:ore viscous at elevated temperatures, -

and according 1o Reference 5, nitregan viscosity increases from $3.318 o

—

W

> o R : 3200 . ‘s il s <
0. 022 centipoise between 70 F and 230 F, Since fluid flow is inversely
&

. this could account for part, but certainly rot

&

-

2ll of the leakage decreasre at elevated temperature. If is likely that the
n effects of the slevated temperatures on the vaive hody

and internal paris are of greater significanve. Expznzion and contraction

e on

of the end cap outlet (Figure !} holding the seat- s well 25 the spring

s o

£

forcing the poppet against the seat could significantly affect valve sealing

properiies. On a smaller scale, especially in the metai-to-metal seat
o =
configuratioas, the leak path diameters could be ifiected by the elavated

"

temperatures. As depicted in Figures 10 and 11, as the valve was cooled

down. the leakage rates returned nearly complefeiy o their initial vaiues.

A slight change in the leakage characteristics of the teflon seated valve was
roted, but this should be expected, due to the 3waged rature of that seat

coniiguration that is unrestrainzd un one side. ;

The effect of valve acraztion in a hydrazize eavironnent on valve seat .
teakage iz illustrated n Figures 12 and 13 for both the hard and tefion seat = R
designs respectively. The Parker hazd seat valve S/N 193 was acmuated ,
14, 040 times at 5 frequency of 1 Hz in hydrazine 2t a3 10 psi oressure drop
to conserve propeliant. A definiie decrease in nitrogen leakags character- S
istics tabulated in Table I, (Tests 89 through 1938 and 1537 through 178} wa=z ]
noted. Similarly, tha Parvker Teflon seat vaive S/N 10. was actuzted a ’ 2:
tezal of 12, 600 times with a7 even more significant decrease in nilrogen e

e
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and valleys cinsing leakage may bhe

thought to be pounded gown with the repeated impact condition. With the

resultant “lmaprovement’ in suriace roughnesc characteristics in sealing

The primary objec ive of this invesilgaiicn was 1T c3ictlizh 2 neanicg-

x

nd hydrazine iirid leakage at pres-

a
sures ranging from 82 to 250 ps:d. A band of correiation data was
d ;

flows increase at difierent rates with pres-

Mas i nost familiar fiow equation
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r the laminar fiow of gases th‘*nu_.-. a straight tuhe of circular cross-

4M|,

scection was developad by Poisenille {(Reference 3j.

z
P -l > =% - -~
¢ = absciute vissosity of the gas
Y 3 ~ 3% Fo
3 = length ol the ilow patn
¥, = islet pressure .
2 f
P, = cailef precvsure
H L
Sralinody. ior the non-turbulsal flew of a Iiguid through the szimd lube,
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1

Aithough we recognize that the flow pkenomenon under coosideration here
is not through single, uniform diameter, uniform length, circular lesx -
paths, the equations may still be used to predict the liquid/gas reiation- - =
ship as explained below.

“The terms (%)(%)4 ( %} appear in both equations. Therefore, unless
the valve is actuated, aii'ieaz\‘.ge shculd be through the same paths when
changing from gas to liguid so the common terms reduce fo a commeon

geometric conslant aad the overali relationskips rediwce to:

'} for gases i

‘0

O0=K
= E‘gaeom

atip

‘M\u

Q= ngom

T

(5?2 - Pl) for liquids - )

so, zlthough we dc not know the exact values of £, d, etc, we assume they

will be the same for both gas and liquid flow since the valve is not actuated.

By measurement of gas leakage, and knowing the pressure conditions,

Kg eom T3Y be czlculated and dsed in the second equatioza to predict the

liquid flcw. Thae theoretical correlation band between 8% and 250 psid

shown on Figure 74 was constructed using this technigque. Santler and -
Molier {Reference 4) have used these eguations to construct a nomegraph

which is wicely used for predicton purposes.

A major problem was encountered whe'z approaching the gas leak an

et

liquic leak data presenied in Tables I through VIII from the correlation

-

standpoiat. As ?ign es 7, 8, ard % illustrzte, a wids ra=mge of Iiquid leak
rates are found to correspond ic the gas leakags measTred ad 2 particular
pressure level. As discussed pruvicusly, the ligu
creased with time {Tabie I, leots 136 through 141}, For consistealy, and -
maintaiz the highest degree of conservatism possible, the Eaz‘geé: hydrazine

leadage rates were paired with their corresponding minimuww artrogen leakage

in the correlation data surmmary in Table X1, Thessc maix 2ave piotted ou - -
Figurc 14 along with the theoretical correlation Sand, 3

14




To note ihe effect of particulate contamination on the liguidsigas
correjation éesssnéﬂi}/iaducing a change ic the leak path geo

setacted valves were contaminated with 3-26 micren fung
num powder {see Tables T and IM). Those €ilz Tve also swnmarized in

—

—
Tabie XI and identified on Figure 14. If skould be ucted that the fenden-

cies for liguid leakage to decrease with time were more pronouaced in

those cases where the vaives had bezn artificially contaminated with the

tinv narticles. It is conceivable ther although the trzpped particies

AR

zilcwed much more nitrogen to leak {many relatively small leak paths)
the smusilcr noth sizes did not ailow the liguid to lezk through. Pzrticle
movement into znd Sworough the leak paths may have czused delreases in

eifective diametler and perhaps clogging of some of the paths eatirsly.

SRR PO

4

Thorough explenations of any or =1l oi the G5 presanted here is only

P

speculative at best, and connot b2 fully scbstantiated ir this investigation.

The limited number of valves used and the statisticaily smali amount of
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SECTION VI

CONCI.USICNS

A number of overall conclusions can be drawn from analysic of the

leakage test data generated during this program. These conclusions are:

1.  While nitrogen gas leakage is a strong function of valve inlet
pressure, liquid hydrazine leakage is a very weak function of inlet

pressure,

2. Liquid hydrazine leakage exhibits definite tendencies to decrease

_ with valve exposure time to propellant.

3. Temperature studies to 250°F demonstrated an inverse relation-

ship between valve temiperature and niftrogen leak rate.

4. Cycling studies demonstrated a random leakage variation with

each valve actuation, but a definite decrease in nitrogen leakage with

extended cycling in the hydrazine propellant.

5. Attempts to establish a well-defin:d correlaricn between hydrazine
==.nd nitrogen leakage were hindered by th e =ignificant liguid leakage

variation with time.

In addition, the demonstrated ease of use of a tmall, commercisally avail-
able rotameter indicates its excelien: applicability to the measurement of

small hydrazine leakuge rates.
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TABLE 1. LEAKAGE DATA (Cont'd)

Vaive Tenip Inlew Pressure Leakage
Test No.  Flaid OF - 42 puig ¢ po. ¥ Remarks

Nitregen 150¢F 139

psig 384 scc per hour
5

25091 254

sig

Ambient

12

.T2% ce pur mour  Eogin NpH, Tecte
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TABLE I. LEAKAGE DATA {Cont'd

Valve Temp Inlet Fressure . leak
Test No.  Fluié °F #2 psig —¢< pas hr
99 Nitrogen Ambient 180 paig

[
[
N

Rt e e
L v Y]
n W w

P
te
o

™
-3

.
P
M3

Hy.lrazine

Kydrazine

Hydrazine

Ambicnt

Ambient

Ambient

399

-

B

L2990

o
N
b <

85 peig L

o
v
T Y

W

-~
o
e

IBT peig .

.
oy
‘e
X

pac
e

25D pag

¢!
xS
al

]
'
01+

L

4UD s per bour

.21% cc per hr

fi

Repeat N3H, Tests

Isclated in .\’-,H4
€ 85 psig for 64 hrs

{sclated in
&35 psig for '8 hrs

~

s
=y

-
s

cic 18,000 times

P

Remarks

opeilant

NoH,

PITRNS
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ABLE I. LEAKAGE DATA {(Cont'd)

Valve Temp Ini
°F

et Pressure Lealres

Test No. Flaid £ 2 psie <C per-ag
162 Nitrogen Ambient 8% :7sig 9% scc per hr
143 99
164 160
i63 100
166 102
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177 - 517
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17y~ Niwrogen Ambient 85 psig 193
180 103
181 _ ior
182 180 psig 277
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184 277
133 253 psig 324
i&é 119
187 . 424
188 7Z:izroger'. Ambicny 33 paig 541
189 333
194 522
191 80 psi 1525
122 1323
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TABLE IIIl. LEAKAGE DATA {(Cont'd)

'\’alvg Temp Inlet Presaure Leakage

Test No.  Fluid U S £2 psig c_cﬂ_p_e_r_{x_s: Remargs
66 Nitrogen Ambient 85 psig 22 s¢s per br
67 22
) 68 22
) 69 3 )
70 24 Contarainated :
: with alureinum %
| 71 Nitrogen Ambient ?3 paig -5 f
, 72 4
73 769 :
74 18C nsia 5737 :
‘ 75 - 5757 e
: 76 5772 5
; 77 250 psig 12, 536 ) o
’ 75 12,552 =
. 7% 12, 562 . .
g0 11, 244 o
81 11,219 )
82 11, 33& )
¥3 140 paig 5742
34 5680 - _
85 85 psiz 1207 -
86 - T
£ 1168
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Test No.

TEST iTEM:

Fluid

Nirrogen

Hydrazine
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Valve Temn
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LEAKAGE DATA

HYDRAULIC RESEARCH VALVE/ !
DOWNSTREAM SEAT, i03

Inlet Prassc
x4 psiy

re

Leakage
ce per hr Remarks

Ambient

Ambient

200°F

85 p ig

i80 psig

85 psig

120 psig

250 psig

16 scc per hour
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16
i6
16
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TABLE IX., PERFORMANCE CHARAC-TERI-&PICS
PARKER VALVES

PROPELLANT: HYDRAZINME; 0.0117 LB/SEC € 14.6 PSID MAX

TEMPERATURE:
AMBIENT +357%F TO +250°F
FLUID +40°F TO +140°F

PURGE . +2259F
OPERATING PRESSURE: 0 TO 300 PSIG
PROOF PRESSURE: 600 PSIG
BURST PRESSURE: 1200 PSIG
OPENING RESPONSE: 7 MSEC MAX @ 24 VDS, 215 PSIG, +2500F
CLOSING RESPONSE: 7 MSEC MAX @ 56 VDC EXT VOLTAGE :
REPEATABILITY: +0.5 MSEC AT 28 VLC, 215 PSIS, 70%F
INTERNAL LEAKAGE: 10 SCC PER HOUR GN, @ 300 PSIG
EXTERNAL LEAKAGE: 6 X 106 SCC PER SEC He @ 300 7SIG

WEIGHT: 0.41 LB MAX
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TABLE X. PERFCGRAMANCE CHARACTERISTICS
HYDRAULIC RESEARCH VALVES

PROPELLANT:

TEMPEBATURE:
OPERATING
AMBIENT

OPERATING PRESSURE:
PROOF PRESSURE:

BURST PRESSURE:
UPENING RESPONSE:
CLOSING RESPONSE:
RESPONSE REPEATABILITY:
INTERNAL LEAKAGE:
EXTERNAL LEAKAGE:

WEIGHT:

HYDRAZINE; 0.0224 LB/SEC @ 28 PSID MAX

35°F TO 250°F
-659F TO 250°F

335 PSIG

570 PSIG

780 PSIG

17 MSEC

8 MSEC

1 MSEC OPEN/CLOSE

1 SCC PER HOUR GN, @ 300 PSIG, 70°F
1 X 10°6 SCC PER SEC He @ 30C PSIG

0.47 LB MAX
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TABLE XI.

SUMMARY OF CORRELATION DATA

VALVE tDEATIFICATION

FLUID

LEAKAGE
LIS PSS

LEARAGE
Eato et

LEAKAGE
250 PSIG

REMARNRS

PARKER HARD SEAT. 102

MiN GH:
AL R, Uy
e Gy
RN, GN;
MAaX Hz Hy
BN Roby
iR GNy
HaAX. NaoHy
M, G“z

54
538

Geg

26030

=2
053

11218
018 —~—

V2T e
&5 56

VAC, GAKE
CONTAYNATE
ACTHATE

VAT Bake

WAC_HAKE

FINISH

PARKZR HARD SEAT/1C3

BN GNy
MAX Ny H,
AR GN.
MAX. Ny Hy
YR Nty
AN, GNy
St GP:;)
B Goiy
SIAX. iy M,

MK Gﬂz

MAX Na iy
2

AU 6352

AL BaxE

10005 ,YCLES
VAC, BRKE
STORAGE
CONYARAINATE

VAT BArE

VAL EAKE

Firisy

HYDRAULIC RESEARTH. 12
UPETHEAM SLAT

NI, GN,
BAX. &, My

WAL Gy

«

-
w

RYSRANIC RESEARCAIZZ
OUONRSIREAR STAT

S

N Gy
MEL Ny Hy

X Ry Hy

W\ OGN,

IZ -
—

QF =~ covumn

ATTUATE
VAL, SAKE

Fiass

WACYELES
VAL BAKE
VAC 2AKE
FIMiSH

HYORAULIC RESEATTH S

UPSTREAM SLAT i GRy % o7 128 _~—i VAC BIKE
HMAX. M1, ! o 5] [ «CTLrasE
k3
MAR Norigy o ] ex CThe—et VAT BAYE
]
IHN GN, s % 330 e th 24
HYSRAGLIC RESTANCIC I
DOTATTRELS SEAT ;N GN S 39 ] s
HESD O A = gu——y  VAC BARK
wma CAS 152 i85 f 7.7 - DO S 4 FHT T
PARKER TEFIONSIAT 187 | a7% (N» % 2 3= S
BAX $aHg c 5 & — ; 122G TYCLES
May fom, | 3 & G =z VAGC 8AKL
=i o ] 3 I8 e [, 1111
— . L. -
FAAMER TEFLONSEAY VAT | MN O%, Fod 5% 51 5 s
UAX Symgl o 563 gz—=} TAL BARE
i N GRy ] 5 83—t FINISH
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